Adrenocorticotropic hormone (ACTH)-dependent Cushing syndrome is rarely caused by a pheochromocytoma. We present a case of a 46-year-old woman who developed severe hypertension, hypokalemia, and typical Cushingoid features. Investigations revealed extremely high metanephrine, cortisol, and ACTH levels. Imaging showed a 3.8-cm left adrenal mass. Preoperative control of hypertension and hypokalemia was very challenging. The patient was cured after surgical removal of the adrenal mass. We followed this by a review of the literature using the databases Google Scholar and PubMed. A total of 58 cases have been reported to date. In summary, ACTH-producing pheochromocytoma is a rare condition that poses a clinical challenge in the perioperative period. It is important that physicians be aware of such a condition because early recognition and treatment are crucial to decrease morbidity and mortality. Freeform/Key Words: ACTH-producing pheochromocytoma, Cushing syndrome, ectopic, pheochromocytoma Ectopic adrenocorticotropic hormone (ACTH) production is a rare cause of Cushing syndrome. It is usually seen with small cell lung cancer, bronchial carcinoid, or medullary thyroid cancer. Very rarely the source of ectopic ACTH production can be a pheochromocytoma. We present a case of ACTH-producing pheochromocytoma that presented with severe symptoms of both hypercortisolism and catecholamine excess. We conducted a literature review on this rare disease to provide a better understanding of its clinical characteristics.
departments, during which her medications were adjusted. Magnetic resonance imaging of the head was done but showed no acute findings. Her diabetes also had become uncontrolled, with glucose readings mostly .300 mg/dL. During the same period, she had also noted irregular menstrual periods, muscle weakness, cold intolerance, thin skin, easy bruising, abdominal distention, swelling, tingling, blurred vision, shortness of breath, and 45 kg weight loss. She has no family history of endocrine disorders.
The patient was admitted for treatment of a hypertensive emergency and was found to have elevated troponins. During her hospital stay, her BP was noted to fluctuate significantly even after treatment with multiple antihypertensive medications, ranging from 91/63 to 178/ 100 mm Hg. There was also an orthostatic drop in BP. Her weight was 94 kg, height was 165 cm, and body mass index was 34.5 kg/m 2 . On examination, she had a moon face, which had significantly changed from her driver's license picture issued only a year earlier. She also had supraclavicular and dorsocervical fat pads, wide purple abdominal striae, thin skin, multiple bruises, edema, wasting of her arms and legs, and proximal muscle weakness to the point that she started requiring a walker to ambulate. It was also noted during her stay that her mental status worsened; she became more depressed and developed mood swings.
Workup showed elevated cortisol and ACTH levels. There was loss of the expected diurnal variation in serum cortisol (51 to 107 mg/dL), and it was not suppressible by dexamethasone. Her 24-hour urine free cortisol was 100 times the upper limit of normal. Due to the palpitations, tremors, and hypertension, she was evaluated simultaneously for pheochromocytoma. Metanephrine levels were elevated in the plasma and urine samples. All results were confirmed on multiple occasions. Total testosterone and dehydroepiandrosterone sulfate were elevated, which, along with weight loss, were concerning for malignancy. She was noted to have severe hypokalemia. Aldosterone and renin levels were suppressed. Hemoglobin A1c had increased to 8.9%. Thyroid function was consistent with central hypothyroidism (Table 1) . Magnetic resonance imaging revealed no mass on the brain. A computed tomography scan of the abdomen showed a well-defined mass in the left adrenal gland, measuring 3.8 3 3.6 3 3.8 cm, that was partially cystic with enhancing septations but no calcification. The contralateral adrenal gland was diffusely enlarged (Fig. 1) . Echocardiogram showed no evidence of cardiomyopathy or valvular lesions.
A diagnosis of severe Cushing syndrome due to an ACTH-producing pheochromocytoma was made. To prepare for adrenalectomy, the signs of cortisol and catecholamine excess had to be controlled. Hypertension and potassium wasting were the most challenging. To control her BP, the patient required prazosin titrated up to 10 mg twice daily, carvedilol 50 mg twice daily, spironolactone 100 mg twice daily, losartan 100 mg daily, and nifedipine 60 mg daily. Potassium chloride 160 mEq daily was needed to keep her level in the normal range. Mifepristone was not immediately available to start prior to surgery, so ketoconazole 600 mg in divided doses was used to control severe hypercortisolism. The patient was given prophylaxis for Pneumocystis jiroveci with sulfamethoxazole/trimethoprim. She was also given prophylaxis for deep venous thrombosis and was provided vitamin D and calcium supplements. She was started on levothyroxine 50 mg daily for the hypothyroidism, which was thought to be secondary to significantly elevated cortisol. Diabetes was controlled with multiple daily injections of insulin glargine and lispro.
Four weeks after her initial presentation, the patient underwent a robotic left adrenalectomy that was uneventful. She did not require emergency intervention, and her blood pressure remained stable. Postoperatively, all medications were held, including levothyroxine, insulin, and antihypertensives. She was started on high-dose hydrocortisone replacement.
Histologic examination revealed polygonal cells with positive staining for synaptophysin, chromogranin A, and S100 (in the sustentacular cells), consistent with a pheochromocytoma. Ten percent of the cells also stained positive for ACTH. Immunostaining for SF1 was negative (Fig. 2) .
Cure was confirmed by a low morning serum cortisol, low ACTH, and normal plasma metanephrines 4 weeks after surgery. Hemoglobin A1c decreased to 5.5% without pharmacological treatment. The potassium level remained normal (Table 2) . Over the following 3 months the patient improved significantly. Blood pressure remained well controlled, and the severe myopathy gradually improved. She was able to ambulate independently, her mental status returned to baseline, and menstrual periods became regular again. Hydrocortisone was gradually tapered and completely stopped after 3 months. There has been no recurrence for 1 year after surgery. Due to the patient's family history of renal cell carcinoma and brain meningioma, she was tested for the VHL gene, but the result was negative for mutations.
Discussion
Cushing syndrome is a rare disease. The incidence of endogenous Cushing syndrome is reported to be 0.7 to 2.4 per million population per year, not accounting for cases of subclinical Cushing syndrome found during workup of adrenal incidentalomas [1] [2] [3] [4] . The majority (80%) of cases are due to oversecretion of ACTH, and the other 20% of cases originate from the adrenal glands as adenomas or, rarely, carcinomas. It is estimated that 75% to 80% of ACTHdependent cases arise from the pituitary gland (Cushing disease), and the rest are from ectopic production of ACTH [1] . The source of ectopic ACTH syndrome is usually a small cell lung cancer, bronchial carcinoid, or medullary thyroid cancer. A pheochromocytoma has been reported as a cause of ectopic ACTH syndrome in 5.2% of cases in one review [5] .
We conducted a literature review for cases of ACTH-producing pheochromocytoma. To date there have been 58 cases reported in the English literature, including our own . Many were abstracts only lacking some details. A summary of these cases is provided in Table 3 . Four cases were found in other languages (Chinese, Japanese, Korean, and Russian); these were not included in our study [54] [55] [56] [57] . Other mechanisms for the development of ectopic Cushing syndrome from a pheochromocytoma have been reported, such as corticotropin-releasing hormone secretion [58] [59] [60] or mixed corticomedullary tumors [61, 62] . Other cases have been reported as part of the MEN 2A syndrome with bilateral masses [63, 64] . None of these entities was included in this review. ACTH-producing pheochromocytomas have occurred at a higher frequency in women (82%). Age at diagnosis ranged from 15 to 75 years (median age, 50 years). Only three cases had bilateral masses (5%). The majority of cases were unilateral; 61% of those were found on the left adrenal gland. A previous study reported that, among all the adrenal incidentalomas reviewed, 62% occurred on the left side [65] . Two cases had multiple nodules on the same adrenal. The size of the lesions ranged from 1 to 11 cm. The Hounsfield units of the nodule was only reported in 12 cases, with values ranging from 4 to 100.
Symptoms developed rapidly in most cases. This ranged from 1 month to 5 years, but those with longer durations had a sudden decline in the last few weeks. This is unlike the insidious onset of other forms of nonectopic Cushing syndrome. The majority of patients had severe Cushingoid symptoms, likely due to the higher levels of ACTH and cortisol [5] . This also explains the high frequency of hypokalemia seen among these patients; 95% of those who reported a potassium level had hypokalemia. Only two cases reported normal potassium levels. This is much higher than what is found in Cushing disease, where, in one study, the rate of unprovoked hypokalemia was only 10% [66] . Elevated blood pressure was reported in 96% of cases, one case had hypotension, and another remained well controlled. New or worsening hyperglycemia was reported in 79% of cases. Six cases, including our own, reported weight loss. This finding, in addition to elevated androgen levels, was initially concerning for malignancy. Typical Cushingoid features were absent in three cases despite the elevated cortisol levels. Four cases reported a lack of catecholamine excess, but the pathology confirmed a pheochromocytoma. In five more cases, catecholamines were not checked preoperatively despite the presence of an adrenal mass; one of these was found elevated during adrenal venous sampling. In a sixth case, the laboratory was sent for metanephrines, but surgery was done before results were available due to the patient's clinical decline. Severe intraoperative hypertension was reported in one of these cases. According to the most recent guidelines, pheochromocytoma should be ruled out in any adrenal mass even in the absence of the clinical signs of catecholamine excess [67] .
Central hypothyroidism has only been reported in two cases, including our own (5%). Low thyroid-stimulating hormones but not the free hormones were reported in one case, which precludes us from making a diagnosis of hypothyroidism. Normalization of the thyroid hormones occurred after the adrenalectomy. Other common reported features included muscle weakness, hirsutism, and psychiatric abnormalities.
All cases were treated with a-blockers in addition to other blood pressure medications, except those not diagnosed with pheochromocytoma preoperatively. Specific treatments used for hypercortisolism preoperatively included ketoconazole in nine cases, metyrapone in seven cases, and both agents together in two cases. One case required an etomidate drip in addition to both ketoconazole and metyrapone due to the severity of hypercortisolism. Other agents used less frequently were mifepristone and mitotane. From our experience, the use of agents other than ketoconazole is limited due to the lack of immediate availability for use in hospitals and the high cost and long time needed for insurance approval in a situation where time is crucial to minimize complications.
Two cases were reported in pregnancy, which complicates the diagnosis and management. Both cases were complicated by preeclampsia and cerebrovascular accidents. One resulted in maternal death and the other in fetal demise. A third case was diagnosed in the postpartum period with a good outcome.
Among cases with reported outcomes, five deaths occurred; one preoperatively due to severe sepsis and the other four, including the pregnant case, after the adrenalectomy. Sepsis was the most common complication. Staphylococcus, Pneumocystis, Nocardia, Aspergillus, Cytomegalovirus, and Epstein Barr virus have all been reported. Thrombosis of the deep veins, acute limb ischemia, myocardial infarction, cerebrovascular accidents, and gastrointestinal bleeding are some of the other reported complications.
For the rest of the cases, adrenalectomy resulted in cure. Of those who included follow-up results, only one case reported not requiring steroids from the start. Nine were able to come off steroids within 4 weeks to 1 year. Six cases reported chronic steroid need; two of these had unilateral adrenalectomy, three had bilateral adrenalectomies, and one had a right total and left subtotal adrenalectomy. Other cases reported improvement and cure of the hormonal abnormalities but no specific mention of steroid management.
All cases of pheochromocytoma were confirmed by histology. Only one case (1.7%) was reported to be a malignant pheochromocytoma with metastasis, and three more were suspicious for malignancy. ACTH staining was done in the majority of cases, whereas others used the cure as a means for diagnosis.
Genetic testing should be considered in all cases of pheochromocytoma according to the Endocrine Society guidelines [67] , especially if there is a concerning family history, as in our case. Of all the cases reviewed, only five mentioned genetic testing. Three were negative, including our own; one had a missense mutation in VHL that is nonpathogenic; and in the fifth case the patient refused testing.
Conclusion
Early diagnosis is key to preventing the morbidity and mortality of an ACTH-producing pheochromocytoma. It should be suspected in any patient with ACTH-dependent Cushing syndrome when workup is suggestive of an ectopic source along with an adrenal mass on imaging. Pheochromocytoma should be ruled out in any adrenal mass even in the absence of typical symptoms of catecholamine excess [67] . Proceeding to surgery with an undiagnosed pheochromocytoma can result in a hypertensive crisis and increase mortality [68] . Optimizing BP control by maximum a-blockade in addition to other medications can prevent such a crisis. Adrenalectomy is usually curative in benign ACTH-secreting pheochromocytomas. Genetic testing should be considered in any patient with pheochromocytoma because 40% of patients have an underlying genetic mutation, especially if there are other suggestive features, such as a family history or young age [67] .
